On account of studying the feasibility of the production instant cereal beverage powders admixed with mulberry leaves by extrusion process, a box-behnken design of the response surface methodology (RSM) was employed to investigate the interaction of operating conditions at varying screw speed (300, 350 and 400 rpm), mulberry content (5, 10 and 15%) and feed moisture (15, 17 and 19%) on the physical and antioxidant property of product. Data were modelled by multiple regression analysis and the coefficient indicating for best fit model. The results showed that the effect of mulberry content and feed moisture had significant on bulk density, color, viscosity, water absorption index, antioxidant activity and total phenolic compound. Increasing of mulberry content resulted in finished product with higher bulk density, less lightness, less viscosity, less water absorption index, higher antioxidant activity and total phenolic compounds as a result of materials in green foods. Whereas increasing of feed moisture resulted in finished product with higher bulk density, less viscosity and less water absorption index also, but tended to lower antioxidant activity and total phenolic compounds. In addition, the optimum condition should be operated at 350 rpm screw speed, 10% mulberry content and 17% feed moisture to obtain finished product of high antioxidant activity and total phenolic compounds with good characteristics of moderate color green, easy to dissolve in hot water, palatability, and acceptability.
Introduction
Breakfast really is the most important meal of the day which help everyone maintain a healthful eating pattern throughout the day. The market of cereal breakfast has high potential currently as Thai people's lifestyle requires speed and convenience, as well as complete nutrition values. To correspond this consumer demand, instant food is one of the processed products that require very little effort of reconstitute or cook prior to consumption. Due to efforts to reduce the amount of in -home preparation time, breakfast cereal technology has evolved from the simple procedure of milling grains of cereal products that require cooking to the manufacturing of highly sophisticated ready-to-eat products that are convenient and quickly prepared. Nowadays, extrusion cookers which offer numerous processing advantages over conventional processing methods (Sevatson and Huber, 2000) are used extensively in the ready-to-eat cereal industry and expanded product with porous structure. The porous texture of the extruded products show "good instant characteristics", as a result of gelatinizing or cooking of cereals from extrusion process for the targeting any kind of instant food and beverage applications (Anderson et al., 1969 ; Bookwalter et al., 1971 ; Lou et al., 1995 ; Hagenimana et al., 2006) To satisfy the demands of increasingly health -conscious consumers, many food processors are finding ways to add natural plants or Thai herbs in food and beverage application since it provides not only the nutrients such as dietary fiber, vitamin, minerals and trace elements, but also health benefits and control weight (Colebank, 2003) . According to natural plants have received much attention as sources of biologically active substances including antioxidants, antimutagens and anticarinogens (Dillard and German, 2000) , mulberry leaves has been increasing for using as medicine and consuming as antihyperglycemic neutracetical food (Katsube et al., 2006) . Many reports indicated that mulberry leaves contain proteins, carbohydrates, calcium, iron, ascorbic acid, β-carotene, vitamin B-1, folic acid and vitamin D (Bose, 1989) including with five flavonol glycoside such as rutin, isoquercitrin, quercetin, astragatin and kaempferol (Katsube et al., 2006) . Especially for the nutritious, palatable, nontoxic and antioxidant properties, mulberry leaves has been increasing for application in food products and interesting for using in extrusion process which are rarely reported. Consequently, the aim of this study was to provide optimum operating condition of extrusion of process for preparing instant cereal beverage powders admixing with mulberry leaves in powdered form to create the instantized cereal that gel or dispersed after the addition of hot water. Furthermore, this palatable and pleasant drink has preferred to enrich with dietary fiber and functional property of antioxidant activity than other conventional beverages from only starch -based ingredients.
Before attempting to obtain the desirable target product using extrusion process, special attention should be paid to know about the effect of extrusion condition on the product quality and to acquire the operation technique of extruder. Product quality can vary considerably depending on the extruder type , screw configuration,feed moisture ,temperature profile in the barrel,screw speed,feed rate and die profile (Harper, 1981 ; Mercier, 1989) . Including with raw material formulations, such as incorporating high levels of fiber in extruded product has often resulted in a compact, tough , noncrisp extrudates,as a result of reduced expansion (Ryu, 2004) . Thus,the purpose of this research was to investigate the effects of screw speed,mulberry content and feed moisture on the physical and functional properties of an extruded instant cereal beverage powders with a twin-screw extruder,tended to help food processors predict the optimum oprating conditions for developing novel products in response to various consumer demands,covering with nutritional benefits or as convenience foods.
Materials and methods
Preparation of raw materials Corn grit (G2) which using as starch -based ingredient was supplied by Thai Flour Mill Industry Co., Ltd. Another ingredients such as nongenetically modified organism isolated soy protein (PRO-FAM-974), full fat soy flour, modified starch (NATIONAL 208) and flavoring powders (Green Tea & Malted Milk) were supplied by Win Chance Industries Co., Ltd. ,the Royal Project , Food & Cosmetic Systems Co., Ltd. ,Chemico Inter corporation Co., Ltd. and Givaudan (Thailand) Ltd. respectively. In addition, mulberry leaves were dried at low temperature (60℃, 4 hrs) and ground by Fitz Mill to obtain mulberry powders had been prepared in before mixing with other raw materials in the instant cereal beverage powders production from extrusion process.
Extrusion process Extrusion was performed in a corotating twin screw extruder (Hermann Berstorff Laboratory Co-rotating Twin Screw Extruder ZE25(33D) which consisted of 7 parts of barrel ended with a 24.5 mm thick die plate and one circular die hole (diameter 3.0 mm). The length to diameter (L/D) ratio for the extruder was 870/25. The temperature profiles of barrel 1-7 and die head were maintained at 30, 45, 55, 120, 150, 160, 130 and 120℃ respectively. The mixture of raw materials were comprised of corn grit, isolated soy protein, full fat soy flour, NATIONAL 208, vegetable oil and vitamin premix with varying dried mulberry powder to replace corn grit at 5, 10 and 15%. These blends were extruded at varying screw speed (300, 350 and 400 rpm) and feed moisture (15, 17 and 19%) also. After stable conditions were established, extrudates were collected and dried in air oven at 80℃ for 15 min. Then, extruded materials were ground by Fitz Mill and mixed with sugar, skim milk powder, non-dairy cream and flavorings (malted milk and green tea flavor powders) to obtain the finished product.
Experimental design and statistical analysis A boxbehnken design of the response surface methodology (RSM) was employed with three independent variables at three levels of each variation. This comprised of 15 experimental runs, of which there were centre points as shown in Table 1 . The independent variables were screw speed (300, 350 and 400 rpm), mulberry content (5, 10 and 15%) and feed moisture (15, 17 and 19%) . The range of the variables was established by preliminary tests. In this study data obtained by application of response surface methodology was used to build mathematic models to interprete the relationship between the independent and dependent variables. Dependent variables were the physical (bulk density, color, viscosity, water absorption index and dispersibility) and functional properties (antioxidant activity and total phenolic compound) of finished product. Data were modelled by multiple regression using Statistical Package for the Social Sciences, SPSS software V.12.0 (SPSS Thailand). A second order polynomial equation was fitted to each response and three-dimensional response surface plot was generated also.
Product analysis Bulk density The sample was poured into a 100 measuring cylinder and tapped ten times on a flat wooden platform. The volume and weight of the sample was recorded to calculate the bulk density by unit mass per unit volume (Shittu and Lawal, 2007) .
Colour Colour of the finished product was measured using CIELAB 1976 L*, a*, b* color scale. The measurement was done by spectrophotometer (Spectraflash 600 plus, Datacolor International, USA). The CIE color values were recorded as L* = lightness (0 = black, 100 = white), a* (-a* = greenness, +a* = redness) and b* (-b* = blueness, +b* = yellowness).
Viscosity The viscosity of dispersions containing 75 g of product in 500 ml of water was measured by Brookfield Digital Viscometer, model RVDV-III (operating conditions at 50℃ and 120 rpm)
Water absorption index (WAI) The water absorption index was measured using a technique developed for cereals (Anderson et al., 1969 . The sample was suspended in water at room temperature for 30 min, gently stirred during this period, and then centrifuged at 3000 × g for 15 min. The supernatant was decanted into an evaporation dish of known weight. The water absorption index is the weight of gel obtained after removal of the supernatant per unit weight of original dry solids.
Dispersibility Dispersibility (Kulkarni et al., 1991) was measured by placing 15 g of the sample in a 100 ml stoppered measuring cylinder, adding distilled water to reach a volume of 100 ml, stirring for 90 sec and allowing it to settle for 15 min. The volume of settled particles was subtracted from 100 and the difference reported as percentage dispersibility.
Antioxidant activity The antioxidant activity of extract was determined by the DPPH (1, 1 Diphenyl-2-picryhydrazyl) method (Arabshahi-Delouee and Urooj, 2006 ; Bae and suh, 2006) . Reactions were performed by mixing extract solution in methanol with ethanolic solution of DPPH. Reaction mixtures were incubated at 37℃ for 20 min, and the absorbance at 517 nm was measured. The antioxidant activity was expressed as percentage DPPH scavenging relative to control using the following equation :
Total phenolic compound Total phenolic content of each extract was determined by the Folin-Ciocalteau method (Arabshahi-Delouee and Urooj, 2006 ; Bae and Suh, 2006) . Extract solution were mixed with Folin-Ciocalteau reagent, followed by addition Na 2 CO 3 solution within 8 min. Subsequently, the mixture was incubated in a shaking incubator at 40℃ for 30 min and its absorbance was measured at 765 nm by UV-Spectroptometer. Gallic acid was used as a standard for calibration curve. The phenolic content was expressed as gallic acid equivalents using the linear equation based on the calibration curve. Sensory evaluation To select the optimum operating condition, the finished products were judged by a group of taste panel to evaluate sensory attributes namely color, odor, taste, texture and overall acceptability on a nine-point hedonic scale (1 represents "dislike extremely" and 9 represents "like extremely"). The sensory evaluation was conducted for two times and fifty panel members were used for each time. Analyses of variance were performed by ANOVA test and significance between the means were determined by Duncan's New Multiple Range Test.
Results and discussion
Effect of the operating conditions of extrusion process on the physical and antioxidant properties of instant cereal beverage powders admixed with mulberry leaves Owing to studying the optimum operating condition of extrusion process to produce the instant cereal beverage powders admixing with mulberry leaves for healthier benefits, the effect of three independent variables such as screw speed, (300, 350 and 400 rpm), mulberry content (5, 10 and 15%) and feed moisture (15, 17 and 19%) were investigated on the physical and antioxidant properties of products. A box-behnken design was employed with the experimental run of the three independent variables as shown in Table 1 . The experimental results for response variables at different combinations of extrusion process had shown in Table 2 . Data were modelled by multiple regression analysis and the coefficients of regression equation were obtained in Table 3 for showing the relationship among response variables and process variables. High correlation coefficients (R 2 higher than 80%) indicated good agreement between experiment data models or finding best-fit model (Hashimoto and Grossmann, 2003) . In addition, mulberry leaves in this experiment was recommended using dried mulberry powders of whole leaves in cereal beverage application since it provided not only the nutrients and antioxidant property of green foods but also the benefit of dietary fiber.
The response surface plot for these models was plotted as a function of two variables to show the effect of process variables which were significant on the physical and func- tional properties of the instant cereal beverage-like extruded product as shown in Fig.1 -7 . Bulk density The bulk density is an index of extent of puffing. The extrudates having lower expansion showed higher density and vice versa. This inverse relationship between expansion ratio and density of extrudates has been earlier reported (Singh et al., 1996) . From this study it was found that mulberry content and feed moisture had significant effects on the density of product. For higher mulberry content which containing more fiber decreased expansion ratio and increased bulk density of the product as shown in Fig.1 . Since fiber does have significant effect on product structure and texture, it does not expand but acts as a solid filler diluting the expanding starch ingredient in the mix. The bulk density of product thus increased with increasing fiber content (Ryu, 2004) . This effect has been reported previous (Charunuch et al., 2008) .
Feed moisture has been found to be affecting on product density also. The high dependence of bulk density and expansion on feed moisture would reflects its influence on elasticity characteristic of the starch -based material. Increased feed moisture content during extrusion may reduce the elasticity of the dough through plasticization of the melt, resulting in reduced specific mechanical energy (SME) and therefore reduced gelatinization, decreasing the expansion and increasing the density of extrudate. Further, bulk density in this study as shown in Fig. 1 was found to increase when increasing feed moisture probably due to starch gelatinization. The similar observation were reported (Barret and Peleg, 1992 ; Pan et al., 1998 .
Color It was found that only the mulberry content had significant effect on the color or lightness (L*) of the product as shown in Fig. 2 . The product's lightness (L*) tended to decrease with the increasing of mulberry content in the initial blends. Thus, as the amount of mulberry leaves increased, the product became less lighter and more green. This clearly agreed with the colour of raw materials.
Viscosity Beverages, such as milk and milk -like drinks, which are served in a cup or glass, have simple idea flow behavior. The rate of flow of the beverages into the mouth and down the throat when swallowed, under the force applied in these cavities was expressed as "mouthfeel". The "mouthfeel" parameter of beverage recognized to the rate of flow under a given force or viscosity. So, viscous behavior is an important physicochemical characteristics of a food beverage product. Generally, differences in particle size distribution amongst product significantly affected the viscosity of solutions of the products. Dispersion containing coursed fractions exhibited more viscous behavior than dispersions made up of "medium fine" or "very fine" particles (Ihekoronye and Oladunjoue, 1988) . For this study, the viscosity of product was investigated on the process variables such as screw speed, mulberry content and feed moisture. It was found that mulberry con-tent and feed moisture has significant effect on the viscosity of product as shown in Fig. 3 . Owing to more non -starch constituents in mulberry leaves such as fiber and minerals, the addition of more mulberry content to the mixture reduced the viscosity value. Because the replacement of the starch by fiber and minerals delayed swelling of the granules which similar to the earlier study (Djoko et al., 1987) . Likewise, an increasing of feed moisture reduced the viscosity and the mechanical energy dissipation of the starch -based materi-C. CharunuCh et al. als during extrusion process . Thus the product became dense and less solubility probably tended to lower viscosity also. Water absorption index The water absorption index (WAI) measured the amount of water absorbed by starch and can be use as an index of gelatinization (Anderson et al., 1969) . Gelatinization, the conversion of raw starch to a cooked and digestible material by the application of water and heat, is one of the important effects that extrusion has on the starch component of foods. Water is absorbed and bound to the starch molecule with a resulting change in the starch granule structure. The previous study (Ilo et al., 1996 ; Ding et al., 2005) reported that the degree of gelatinization decrease with increasing feed moisture, similar to the results found in this study as shown in Fig. 4 . In case of mulberry content which was rich in non-starch constituents such as fiber and minerals, the effect was similar to rice bran (Djoko and Luh, 1987) to get high in water binding capacity and thus reduce the availability of water for gelatinization of the starch granule. Therefore, the results had found that the water absorption index decreased with increasing of mulberry content as shown in Fig. 4 .
Dispersibility In powders, the textural characteristics are related to bulk density and the ease with which they are rehydrated. Powders are "instantised" which the surface of each particle is easily wetted when the powder is rehydrated, and particles sink below the surface to disperse rapidly through the liquid. These characteristics are respectively termed wettability, sinkability, dispersibility and solubility. For a powder to be considered "instant", it should be complete these four stages within a few seconds (On-line, 2007) .
Dispersibility is the ease with which the powder becomes distributed as single particle in the bulk liquid phase. The dispersibility of a mix in water indicates its reconstitutability. The higher the dispersibility, the better. Hence, whereas the beverage product reconstitutes well in water for leaving little or no sediment, it will show high dispersibility. For this study as shown in Fig. 5 , the dispersibility slightly decreased with increasing mulberry content. Because of the fiber from mulberry content delayed swelling of the granules, to get poor reconstitutability and lower dispersibitity. Antioxidant activity and total phenolic compound Mulberry leaves or mulberry leaves extract contain a variety of phenolic antioxidants which had stronger antioxidant effects. The earlier studied (Arabshahi -Delouee and Urooj, 2006 ; Katsube, 2006) had shown that the antioxidant activity was correlated with the amount of total phenolic present in the mulberry leaves. The highest amount of phenolic compound are also exhibited the strongest antioxidant capacity. Accord-ingly, as increasing of mulberry content in this study resulted in increased both of antioxidant activity and total phenolic compound as shown in Fig. 6 and 7 . Whereas as increased in feed moisture tended to reduce both of antioxidant activity and total phenolic compounds as shown in Fig. 6 and 7 also. As a result of temperature is the major factor influencing in antioxidant and polyphenols (Larson, 1988) , higher feed moisture tended to reduced antioxidant activity and total phenolic compounds. Because high feed moisture increased residence time to get more heat for cooking the product (Miller, 2004) . Therefore, it is important to consider the optimum Fig. 7 . Response surface and contour plot of the total phenolic compounds as a function of a) mulberry content and feed moisture at screw speed 300 rpm b) screw speed and feed moisture at mulberry content 5%.
a) b)
technological conditions and processing factors influencing activity and bioavailability of plant antioxidants for utilization in food systems.
The optimum operating conditions for instant cereal beverage powders mixing with mulberry leaves Our objective was to investigate optimum operating conditions on the physical and antioxidant property of product from extrusion process to determine the feasibility of obtaining an enriched product from a starch -based ingredients and plant food with the desired characteristic of instant cereal beverage powders. On account of the antioxidant activity and total phenolic compounds which are the key factor of benefit health for finished products including with the beverage in powder form should be easily to absorb water, good soluble, high dispersibility, not separate out and moderate green color, then the selected operation conditions were chosen and test for acceptability as shown in Table 4 . The results had shown that the tested samples at each operating conditions did not have significant effect on odor, taste, texture and acceptance except for color. Hence, the optimum condition should be operated at 350 rpm screw speed, 10% mulberry content and 17% feed moisture to obtain the target products with suitable color.
Conclusions
The results obtained from this study had shown that it was feasibility for the combination of cereal with an appropriate proportion of Thai herbs or mulberry leaves using extrusion process to create an added value food drink of acceptable organoleptic and nutritional properties. This instant cereal beverage powders was convenient and quickly prepared that required hot water and stirred to dissolve prior to consumption corresponding for city's lifestyle and health conscious of the customer awareness. Moreover, extrusion process was preferable because of their ready availability, high capacity, ease of control and more economical operation generally. Data in this experiment obtained by application of response surface methodology (RSM) was used to build mathematical models to interprete the relationship between the effect of extrusion operating variables on the physical and antioxidant property of product. Such information could help food processors predict the performance of extruded material to be used in novel product being developed in response to various consumer demands, including with nutritional benefits or as convenience food, However, potential exploitable beneficial effects and safety in humans need to be proven in clinical trials. Consideration of these results will guide for further research work.
